Generation of force in skeletal muscle tissue depends on both chemical and mechanical phenomena. In this work, considering the kinetics of cross bridges, a one dimensional model has been proposed for predicting the isometric force according to the intracellular calcium ion distribution.
Introduction
The different ways of skeletal muscle activation lead to the formation of cross bridges (XB) according to the available calcium ion flow. XB kinetics is the cyclic connection between thin and thick filament at the sarcomere level to produce mechanical force.
Since the Huxley model (Huxley 1974) can be considered as the first numerical muscle model considering XB kinetics, several works have developed different XB formulations (Razumova et al. 1999; Shorten et al. 2007 ). Recently, a more realistic 3D model (Heidlauf and Röhrle 2014) have appeared providing a chemo-mechanical approach to simulate complex muscle geometries. In this work, a new thermodynamically consistent model is proposed incorporating different scales to reproduce the force developed by muscle tissue.
Material and Methods

Cross bridge (XB) kinetics
Mechanical force in skeletal muscle is produced during the well known power stroke, which is the transition step between chemical and mechanical energy. Consequently, a chemical model should be able to consider this event. Therefore, XB kinetics model of Razumova et al. 1999 (Fig. 1) has been used as the base of the chemical part. This model considers four states, including the pre-and postpower stroke. The first state (R off ) corresponds to the fraction of thin-filament regulatory units (RU) which are blocked by tropomyosin-troponin complex (TTC) (off position). In the second state (D) Ca +2 has bound to TTC, RU changes to on position but there is no attachment. A 1 and A 2 states include cross bridge formation. Attached XB can be in two situations, pre-and post-power stroke. The fractions of these situations are defined respectively with A 1 and A 2 .
These states are in a cyclic dynamics and different rates ( Fig. 1) control the number of XBs in the four situations. K on and k off rates manage the on and off condition of RUs according to the calcium concentration level. The concentration of XBs in the four different situations can be found by solving a system of three ordinary equations as: 
Mechanical Model
Deriveing from the first and second law of thermodynamic, we have obtained the following constitutive relations:
where S i = (R off , D, A 1, A 2 ), P and P a are total and active force; N is the force-length relationship in skeletal muscle and
E, F and ν are three constants of the model. Model parameters, including those for the calcium distribution which is involved in the transition from R off state to D are listed in Table 1 .
Results
The simulated stress was compared with the experimental data of Extensor digitorum longus (EDL) muscle under an isometric contraction (Sierra et al. 2016) (Fig. 2) . As can be observed the result is in good agreement with the real muscle behavior.
Discussion
The model can predict accurately the isometric stress (Fig. 2) . However, one important limitation is that no experimental based calcium distribution has been considered in the model. Furthermore, if the stimulation mechanism is added, the model will be able to consider what happens before the force generation and therefore all the contraction stages. The model in the current form can be used to study calcium related phenomena such as fatigue. 
